Dear Editor,
DNA methylation is one of the most important epigenetic marks and plays a central role in gene silencing in high eukaryotes. It is established by DNA methyltransferases (DNMTs), which are classified into three subfamilies. In contrast to DNMT1 and DNMT3, the biological function of DNMT2 remains elusive to date. DNMT2 was first identified in mouse and human and appears to be well conserved among eukaryotes (Okano et al., 1998; Yoder and Bestor, 1998) . DNMT2 contains all 10 characteristic motifs of DNA cytosine MTases and a distinctive target recognition domain (TRD) between motifs VIII and IX, but lacks the N-terminal regulatory domains present in DNMT1 and DNMT3 (Dong et al., 2001; Goll and Bestor, 2005) . Nevertheless, only weak residual DNA MTase activity could be detected in human DNMT2, and no DNA methylation changes could be observed in DNMT2 knockout mouse ES cells (Okano et al., 1998; Hermann et al., 2003) . Intriguingly, human DNMT2 exhibits a notable MTase activity towards C38 of tRNA Asp (Goll et al., 2006) .
To explore the biological function(s) of DNMT2 and the underlying molecular mechanism, we identified and cloned a DNMT2 homolog from the insect Spodoptera frugiperda (SfDNMT2). SfDNMT2 shares moderate to high sequence identities with other known DNMT2s and possesses all 10 characteristic motifs of DNA cytosine MTases (Supplementary Figure S1) . We generated the SfDNMT2 specific antiserum in mouse for the immunostaining experiments. SfDNMT2 is found to exist in both the nucleus and the cytoplasm of the Sf9 cells ( Figure 1A ). An in vitro DNA methylation activity assay shows that SfDNMT2 can methylate DNA substrate ( Figure 1B) . The mutation of Cys231 [equivalent to Cys292 of the human DNMT2 which is required for the tRNA MTase activity (Jurkowski et al., 2008) ] to Gln has no effect on its DNA MTase activity ( Figure 1B) ; whereas mutation of the adjacent Cys230, which is conserved in some DNMT2s, significantly reduces its DNA MTase activity, and double mutation of Cys230 and Cys231 has a comparable effect ( Figure 1B) . The electrophoretic mobility shift assay results show that for both the wild-type and mutant SfDNMT2, DNA is not completely shifted but fades with increasing concentrations of SfDNMT2 ( Figure 1C ), indicating that SfDNMT2 has weak DNA-binding ability and the mutations have no significant effects on the substrate binding. We further tested the binding ability of SfDNMT2 for human tRNA Asp using electrophoretic mobility shift assay, which shows that SfDNMT2 can also bind human tRNA Asp ( Figure 1D ), suggesting that tRNA might also be a substrate for SfDNTM2. This is consistent with the observation that Drosophila DNMT2 has both low DNA MTase and tRNA MTase activities (Hermann et al., 2003; Goll et al., 2006) . It was suggested that DNMT2 was originated from a DNA MTase which acquired an RNA MTase activity during evolution (Jurkowski and Jeltsch, 2011) . It is possible that in some lower invertebrates, such as Drosophila, DNMT2 has an RNA MTase activity but retains a low DNA MTase activity, which results in a low genomic DNA methylation level; however, in higher mammals such as humans which contain more specific DNA MTases, DNMT2 becomes a more specific tRNA MTase. We further determined the crystal structure of SfDNMT2 in complex with S-adenosyl-L-homocysteine (SAH) at 2.7 Å resolution (Supplementary Table S1 ). SfDNMT2 adopts a typical class I MTase fold (Cheng et al., 1993) and comprises a catalytic domain and a TRD domain ( Figure 1E ). The catalytic domain is composed of a central eight-stranded b-sheet flanked by two layers of a-helices on each side ( Figure 1E) . The cofactor SAH is bound at the active site with well-defined electron density and forms extensive interactions with the surrounding residues ( Figure 1E , Supplementary Figure S2A and B). The overall structure of SfDNMT2 is very similar to that of human DNMT2 (an RMSD of 1.2 Å for 298 Ca atoms), although the two enzymes share only 36% sequence identity ( Figure 1F and Supplementary Figure S1 ). Nevertheless, there are notable differences in two regions. Specifically, the catalytic loop (motif IV) and the linker between motif VIII and the TRD are well defined in SfDNMT2 ( Figure 1F ), whereas the corresponding regions are disordered in human DNMT2 (Dong et al., 2001) . Sequence comparison shows that this linker in SfDNMT2 and DNMT2s from other insects contains only several residues which is much shorter than that in DNMT2s from human and other high mammals ( 60 residues) (Supplementary Figure S1) . The variation in the length of this linker suggests that DNMT2s in mammals might gain new function(s) and/ or different regulation mechanism through acquisition of this insertion.
In the structure of SfDNMT2, the catalytic loop protrudes out from the catalytic domain with a positively charged surface, indicative of an ability to bind negatively charged nucleic acids ( Figure 1G ). The conformation of the catalytic loop in SfDNMT2 is between those in the free form and the DNA-bound M.HhaI, a classic bacterial DNA MTase (Cheng et al., 1993; Klimasauskas et al., 1994) (Figure 1H) . However, the catalytic residue Cys78 points its side chain away from the active site which is similar to that in the free form 
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Journal of Molecular Cell Biology | 65 rather than that in the DNA-bound M.HhaI, indicative of an inactive state SfDNMT2 structure. The catalytic loop and the TRD form a narrow, deep surface channel connecting to the cofactor-binding site, which is presumably the binding site for the substrate ( Figure 1G ). As the entrance of the channel is too narrow to accommodate a double-strand DNA or RNA, we speculate that DNMT2 might utilize a catalytic mechanism similar to that of M.HhaI such that the nucleotide base to be modified flips out from the double-strand helix and inserts into the narrow channel to reach the active site and thereby to be methylated (Klimasauskas et al., 1994) . We further modeled a DNA substrate to the active site of SfDNMT2 based on superposition of the catalytic domain of the M.HhaI-DNA complex and that of SfDNMT2 (Supplementary Figure S3) . The DNA substrate can be docked well into the surface cleft between the catalytic domain and the TRD of SfDNMT2; however, the tips of the TRD and the catalytic loop stretch away from the DNA without direct interactions (Supplementary Figure S3) , consistent with the notion that this SfDNMT2 structure represents an inactive state. It is possible that like other classic DNA MTases, these structure elements would undergo conformational changes and move toward the DNA substrate during the catalytic reaction.
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